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As astute observers have noted,  the old concept that famine and pestilence 
go hand in hand does not always prove true. This was first observed by Under- 
wood (1)  in  1789.  He stated that at times well nourished  children were more 
susceptible to infection than were poorly nourished ones. In 1942 one of us (2) 
submitted this to experimental proof, and found that under certain conditions 
of starvation the rabbit became more resistant to infection with vaccinia. This 
concept has since been fully substantiated by various investigators, as outlined 
below. The general consensus respecting the obligate host-parasite relationship 
is that any influence inhibitory to host tissue metabolism will also be inhibitory 
to viral agents. Our further experiments have led us to conclude that the effect 
of malnutrition on the resistance of an animal is dependent upon the state of 
the animal's nutritional reserves at the time of the infection. A well nourished 
animal on a poor diet becomes at first more susceptible to viral infection, then 
less  susceptible,  and  terminally more  susceptible again.  The purpose of  this 
paper is to report experiments pertaining to this phenomenon. 
In 1789 Underwood  (1) reported that well nourished children  were more suscep- 
tible  to  certain  types of  diseases  than poorly nourished  ones.  Following  this  ob- 
servation, various scientists in  the course of experimental work for other purposes 
noted that nutrition played a  part in resistance. Jenner  (3) found that individuals 
with another disease  were sometimes immune  to vaccination. Similar observations 
to those of Underwood were made by Heine (4) in  1840 on poliomyditis, by Rous 
(5)  in  1911 on  Rous  sarcoma, by Olitsky  (6)  in  1928 on  foot-and-mouth disease, 
and by Rivers (7)  in  1939 on vaccinia infection. 
Spmnt and his associates in 1942 (2) demonstrated this fact experimentally with 
vaccinia in rabbits, and later with swine  influenza  in mice (8),  and Rous sarcoma 
in chickens  (9).  Foster and her colleagues  (10) in  1944 indicated a protective effect 
of a  diet low in thiamine or caloric  content against the Lansing strain of poliomy- 
elitis  virus. In a  later publication  (11) they stated  that depletion of protein or of 
the amino acid tryptophan resulted in a  protective effect,  and thus delayed the on- 
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set of symptoms, In neither case, however, was there a  significant decrease in  the 
mortality  rates.  The  University  of Wisconsin group  (12)  came  to similar  conclu- 
sions,  stating that dietary deficiency caused a  demonstrable delay of symptomatol- 
ogy. They reported  that dietary repletion in unaffected, depleted animals was fol- 
lowed  by  typical  symptoms  of  the  disease.  In  similar  thiamine  depletion 
experiments,  Kearney  (13)  with  Western  equine  encephalitis  virus  demonstrated 
with  brain-cord  titrations  that  virus  had  multiplied  in  the asymptomatic animals 
to much the same extent  as in  the non-deficient host.  Later Davies  (14),  working 
with  the Lansing strain  of poliomyelitis  virus,  and  Pond  (15)  with  Thefler's  GD 
VII virus, showed that depletion in certain amino acids resulted  in fewer instances 
of paralysis,  but  caused no alteration  in  the  total percentage  of mortality.  Brain- 
cord  titrations  showed  that  viral  multiplication  was not prevented,  but  was  only 
decreased  in  rate  and  in  maximum  titre  of virus  particles  found  in  the  deficient 
hosts. 
The significance  of the findings of these workers lay in  their  demonstrating  the 
ability  of one or more dietary factors to alter  the course of several  different types 
of infections. In the past few years many things have been shown to influence sus- 
ceptibility  to virus  infection.  Since  sufficient  data  are  not  available  to  determine 
the exact nature  or mechanism of this  alteration,  other factors affecting viral sus- 
ceptibility will  be mentioned in  brief.  The possible  effects  of depletions  in certain 
vitamins,  calories,  protein,  and  amino  acids  have  been  mentioned.  Other  factors 
include  endogenous  hormonal  imbalances  (16-18),  administration  of  exogenous 
hormones  (19,  20),  level  of tissue  hydration  (21),  and  environmental  temperature 
(22,  23). A  review by Schneider  (24)  discusses  the possible  effects  of genetics and 
inheritance.  Host age  (25),  as an expression  of morphologic development, has also 
been  discussed  with  respect  to  the  emergence of natural  barriers  to  infection,  or 
the spread  of infection. 
Much of the recent work has dealt with  the effect of specific  compounds on the 
host-virus system.  Optimum host metabolism  depends upon an unbroken chain of 
enzymatic reactions.  The  effect of many chemical substances  (vitamin and  amino 
acid analogues, enzyme inhibitors,  and chemical agents of unknown action)  on the 
host-virus system has been attributed  by some observers (26-28)  to an interference 
in one or more of the enzyme systems involved in either host metabolism  or virus 
production. Space does not permit further details here, but these facts are well  re- 
viewed elsewhere  (26-32). 
The metabolic 'state of the host can be affected by dietary protein depletion in a 
variety of ways. A  low protein  intake  is  known  to influence  the  concentration of 
certain enzymes in various organs  (33),  including the liver,  an active organ in pro- 
tein  metabolism  (34,  35).  Protein  deficiency can  be  made  more profound  by en- 
hancing  the  waste  or loss  of nitrogen  from  the  "metabolic pool"  through  inhibi- 
tion  of strategic enzyme systems involved in  the  utilization  of that  pool.  This  is 
borne  out  in  the  works  of  Cannon  (36)  in  demonstrating  poor antibody produc- 
tion  in  a  depleted  animal.  Starvation  and  protein  depletion  have long been  asso- 
ciated with  deviations  from the normal physiologic pattern  of fluid exchange,  and 
consequently, in  the relative volumes of the fluid compartments.  Patterns  of reac- 
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involving adrenocortical  hormones  has  been  partially  explained  by  some observers 
in  demonstrating  adrenal  atrophy  in  certain  animals  after  prolonged  protein  de- 
pletion  (39)  or acute starvation  (40). If the adrenal  system  is affected,  one in turn 
would  expect some effect on many phases  of carbohydrate,  protein,  and lipide me- 
tabolism  that falls under  control  of adrenal hormones. 
The net result of this cursory survey is the demonstration of the multiplicity 
of factors that  can affect the host-virus system,  involving many facets of host 
metabolism and virus synthesis. The most striking, common factor seems to be 
the metabolic state of the susceptible host tissue. 
Methods and Materials 
M/ze.--The mice used were the Swiss strain CF~ of white males which were supplied by the 
Carworth Farms.  They were obtained at 3 weeks of age, and were given the standard  diet 
described below until the experiment was started. During this time they were kept in large 
cages with 30 mice to a  cage. 
Chickcns.--The chickens were New Hampshire reds obtained at the age of 1 day. 
Viruses.--The influenza virus used  in these  experiments was  an egg-adapted  strain  of 
swine influenza, which was obtained from Doctor R. E. Shope, and which he has designated 
as strain  15. The virus was passed successively through 3 groups of mice. The lungs were 
then taken and ground with an abrasive, and diluted in order to kill approximately 50 per 
cent of the mice. Mter this the virus was quickly frozen and stored in the deep freeze until 
ready  for use. 
The Rous sarcoma virus used in these experiment* was obtained from Doctor W. R. Bryan 
of the National Institutes of Health. This preparation was the concentrated microsome frac- 
tion designated as  "partially purified agent."  We obtained 2 stocks of the virus,  the first 
being the standard  preparation  CT 522. This was titrated at an effective dilution of I0  -~. 
The second stock, which was designated as the standard preparation CT 581, was prepared 
by a newer and more efficient technique. It was diluted 10  "-a to obtain the same potency. When 
used, the dilutions were made with 0.1 M citrate buffer solution (pH 6.5 to 7.0),  containing 
2  per  cent  horse  serum  (Difco). 
Inoculation Procedures.--The mice were slightly anesthetized with ether, and 2 drops of 
the influenza virus were placed on the nares. 
All mice were autopsied when they died, or at the end of the experiment. The amount of 
pneumonia in each was noted.  The amount  of subcutaneous  fat was also recorded. 
The chickens were inoculated as foUows: Two days prior to virus inoculations the under- 
sides of the wings of all chickens were plucked to expose the bare skin. At inoculation the 
underside of the wing was swabbed with alcohol and allowed to dry. A 1 inch, 23 gage needle 
was inserted through the muscle group along the radius and ulna, and thence into the fascia 
of the wing web. The muscle group through which the needle passed acted as a check valve to 
insure the retention of the inoculum, 0.2 ml. of the virus suspension. 
Beginning 5 days after inoculation the chickens were examined dally for 30 days.  The 
presence  and  size  of  tumors  were  noted  at  each  examination. 
Cages.--The cages used for the mice in this experiment were made of plastic. Ten mice 
were kept in a cage. The chickens were kept in Oakes 5 deck brooders until their size per- 
mitted transfer to Oakes 4 deck finishing batteries. Forty chickens, divided among 3 compart- 
ments  were placed  in  each  experimental  group. 
D/ets.--Mice given no food usually survive only 3 days. If they receive a diet deficient in 
protein, however, they survive for a number of months. After a number of diet trials an ex- 
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rained only I0 per cent protein, a substantial reduction from the usual 24 per cent level. This 
diet was composed as follows: 
Corn starch  2800 gm. 
Casein  400  " 
Salt mixture No. 2  200  " 
Calcium pantothenate  120 nag. 
Riboflavin  20  " 
Pyridoxine  20  " 
Thiamine  20  " 
Iuositol  2000  " 
Potassium iodide  800  " 
Cotton seed oil  400 ml. 
Cod liver oil  200  " 
The salt mixture No. 2 in the above diet was obtained from Nutritional Biochemicals 
Corporation, Cleveland, and has the following composition: 
Calcium biphosphate  13.58 per cent 
Calcium lactate  32.70  "  " 
Ferric citrate  2.97  "  " 
Magnesinm sulfate  13.70  "  " 
Potassium phosphate (dibasic)  23.98  "  " 
Sodiumbiphosphate  8.72  "  " 
Sodium chloride  4.35  "  " 
The standard mouse diet used in this laboratory is Rockland mouse diet, which has a pro- 
tein content of 24 per cent. In order to be certain that our experimental diet varied from this 
commercial diet only in protein content, it was necessary to compare the commercial 24 per 
cent protein diet with a synthetic 24 per cent protein diet. This synthetic high protein diet 
differed from the 10 per cent diet only in protein content and was composed as follows: 
Corn starch  560 gm. 
Casein  240  " 
Cotton seed oil  100  " 
Cod liver oil  50  " 
Salt mixture No. 2  50  " 
Calcium pantothenate  30 mg. 
Riboflavin  5  " 
Pyridoxine  5  " 
Thiamine  5  " 
Inositol  500  " 
Potassium iodide  200  " 
The  following experiments were performed by way of comparison. Three groups of mice 
were set up, 1 group given the regular Rockland diet, 1 group the experimental diet (10 per 
cent protein diet described above), and I group the synthetic 24 per cent protein diet. Groups 
of 50 mice were maintained on each diet for 2 weeks before influenza inoculation. This experi- 
ment was performed twice with the results as shown in Table I. Results of statistical analysis 
are found in Table II. In these tables we see that, although a significant difference  is apparent 
between the experimental and the other 2 diets, there is no change between the commercial 
and the synthetic 24 per cent protein diet. 
The baby chickens failed to thrive on any purely synthetic diet, but we found that a mix- 
ture of equal parts of a commercial diet (nutrena chick starter) and a synthetic diet was satis- 
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TABLE I 
Susceptibility  to Infection with Influenza of Mice on Experimental 10 Per Cent Protein  Di~, 
Synthetic  24 Per Cent Protein Diet, and  Commercial 24 Per Cent Protein Diet 
Exp.  ! 
1. 
2. 
Diet 
I 
i 
I 
1 
Experimental I0 per cent 
Synthetic  24per cent 
:  Commercial  24per cent 
Experimental I0 per cent 
Synthetic  24 per cent 
Commercial  24per cent 
Weight 
at  start 
of diet 
gm. 
24.0 
23.1 
23.9 
26.5[ 
26.9 
27.1 
Weight 
Rt virus 
passage 
gin. 
21.4 
23.2 
22.3 
21.3 
26.9 
27.0 
Dead before 
passage 
pole 
¢¢n| 
o/5o =  o 
1/50-  2 
12/50 =  24 
0/50  =  0 
3/50=  2 
1/50  =  2 
Dead after 
passage 
~b~r 
c~t 
33/50 =  66 
37/49  =  76 
28/38  =  74 
25/s0=  54 
36/47  =  77 
42/49  ~  86 
TABLE II 
Results of Statistical  Comparison (P Values) of the Mortality Rates of Mice on Experimental 10 
Per Cent Protein Diet, Synthetic 24 Per Cent Protein Diet,  and  Commercial 24 Per Cen~ 
Prolein Diet 
Exp.  Diet  Experimental  Synthetic  Commercial 
I0 per cent  24 per cent  24 per cent 
I. 
2. 
Experimental 10 per cent 
Synthetic  24 per cent 
Commercial  24 per cent 
Experimental 10 per cent 
Synthetic  24 per cent 
Commerdal  24 per cent 
0.3 
0.5 
0.02 
0.001 
0.3 
j  O.9 
i 
0.02 
0.3 
0.5 
0.9 
0.001 
0.3 
Synthetic diets were composed with 5, 10, and 24 per cent protein contents. The commercial 
diet had a protein level of 20 per cent. The mixture of these resulted in diets of 22, 15, and 
12.5 per cent protein. The synthetic diets were composed as follows:-- 
24 per cent diet 
Corn starch  2240 gm. 
Casein  960  " 
Salt mixture No. 2  200  " 
10 per cent diet 
Corn starch  2800 gm. 
Casein  400  " 
Salt mixture No. 2  200  " 
5 per cent diet 
Corn starch  3000 gin. 
Casein  200  " 
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Each of the preceding diets also contained the foliowing:--- 
Cholic acid  I0 gin. 
Cystine  18  " 
Choline chloride  8  " 
Calcium pantothenate  120 rag. 
Nicotinic amide  120  " 
Pyridoxine  20  " 
Thiamine chloride  12  " 
Biotin  1.2  " 
Riboflavin  20  " 
Inositol  4000  " 
P.A.B.A.  200  " 
Vitamin K  8  " 
Folic acid  8  " 
Potassium iodide  800  " 
Aureomycin  40  " 
Cotton seed oil  400 ml. 
Cod liver oil  200  " 
Statistics.--In  Tables I  and IIIa simple probability determination was effectually used to 
exhibit any significant difference between the animals on the low protein diet and those on the 
standard  diet. For Tables IV and VI, however, it was decided that the best statistical ap- 
proach was by comparison of the experimental mice with their controls in any one time-group, 
and with the mice on the diet in all other time-groups. This gives more valuable information 
than an analysis of the variation between the curves, and was done as follows: statistical 
analysis of the data from these experiments was performed in 2 ways, both by the chi square 
(41) method. First, the per cent susceptibility of each experimental time group was statistically 
compared with its paired control group. Secondly, experimental groups were statistically com- 
pared  with  one another.  Before comparing the susceptibility  value of each experimental 
group with the results in all other experimental groups of a single experiment, it was neces- 
sary to adjust these data to a theoretical point at which all groups would have numerically 
equal control susceptibility percentages. This theoretical common control level allowed us to 
calculate the per cent experimental dead expected from only 1 control group. This adjusted 
control level was used for the subsequent adjustment of all other values, the first step of which 
is seen in the following proportion: 
Per cent dead, experimental  Per cent dead, control 
x  (adjusted per cent dead, experimental "adjusted  (common level) per cent dead, control 
The adjusted per cent experimental dead  (x)  is the unknown value which is calculated 
from the known values of the actual per cent experimental dead, the actual per cent control 
dead, and  the adjusted  (common level) per cent control dead.  From these values the per 
cent of surviving animals is calculated. The adjusted experimental values thus obtained, having 
equal control values as a  basis of comparison, were analyzed by the chi square method. 
The results of the Rous sarcoma chicken experiments seen in Tables IX, XI, and XIII 
were analyzed by the double comparison method described above. 
EXPERIMENTAL 
The Effect of Malnutrition  on the Susceptibility  of Mice to the Influenza  Virus 
without Consideration of Nutritional Reserves.--The purpose of these experiments 
was to investigate further the effect of malnutrition on viral susceptiblity. TABLE M 
The E.ffect of Malnutrition on the Susceptibility  of Mir~ to Infection 
Exp.  Diet 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Weight 
at start 
of diet 
gm. 
28.1 
26.4 
26.5 
27.1 
28.8 
29. I 
25.6 
25.8 
30.0 
30.3 
28.0 
29.0 
26.6 
27,4 
27.8 
28,0 
28.5 
28.5 
23.6 
22.3 
27.7 
27.5 
29.2 
28.6 
22.6 
22.3 
27.3 
27.7 
27.5 
27.2 
29.9 
29.6 
Weight 
at virus 
passage 
gm. 
26.8 
26.2 
21.3 
27.0 
25.1 
29.7 
20.9 
25.7 
25.8 
28.0 
23.7 
28.7 
25.8 
27.4 
25.6 
28.1 
22.3 
24.2 
21.4 
20.8 
23.1 
27.6 
25.8 
28.2 
22.4 
24.8 
23.0 
25.9 
24.0 
29.3 
26.7 
28.5 
No. dead  Dead after virus  before 
passage  passage 
2  33/48 
0  47/50 
0  27/50 
1  42/49 
1  34/49 
1  41/49 
0  43/50 
1  43/50 
4  37/56  = 
0  45/60 
3  39/47  - 
1  35/49  = 
0  43/60-= 
0  38/60= 
2  43/48 = 
0  41/50 = 
4  33/46 = 
3  37/47  = 
4  29/46 = 
5  31/45  = 
4  47/56 -- 
1  46/59  = 
3  42/47  = 
1  42/49  = 
3  35/47  = 
2  34/48= 
40/48= 
40/50  -- 
25/47  -- 
29/50 
29/49  --- 
31/5o  = 
P 
p~r 
aef~ 
=  68.0  0,001 
-- 94.0 
-- 54.0  0.001 
-- 85.0 
--- 63.3  0.01 
-  83,6 
--- 86.0  0.1 
=  71.4 
66.1  0.2 
75.0 
83.0  0.2 
71.4 
71.6  0.3 
63.4 
89.6  0.3 
82.0 
71.7  0.5 
78.6 
63.1  0.5 
69.0 
83.9  0.5 
77.8 
89.4  0.7 
85.8 
74.4  0.7 
70.0 
83.4  0.7 
80,0 
53.2  0.7 
58.0 
59.2  0.8 
62.0 
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In each of the 16 experiments performed approximately  30 mice on control diet  (Rock- 
land)  were compared with approximately  S0 mice on the experimental low protein  diet for 
a period  of 2 weeks. The results  are shown in Table III. In column 3 is the weight at the 
start of the experiment, in column 4 the weight at the time of virus inoculation, and in column 
S the number which died in each group. 
Though the mice on the experimental  diet uniformly lost more weight than 
those  on  the  control diet,  there  was  no  correlation  between  weight  loss and 
mortality rate.  This is shown conclusively in the probability values of column 
7  which represent  the  chances of there  being a  significant  difference between 
the experimental group and the control group. It is seen in Experiments 1 and 2 
that  this  difference is highly significant.  This  significance diminishes until  we 
reach Experiment  16, which shows no essential difference between  the experi- 
mental and control groups. It is obvious from these data  that time on a  poor 
TABLE IV 
(Mouse Experiment 1) Comparison of Mortality Rates of the 10 Per Cent Experimental Groups 
with Control Groups with Respect to Different Periods of Diet Administration 
Time group  Dead, experimental  Dead, controls 
2 
4 
6 
8 
~ef 
Ce~ 
39/47ffi  83 
21/41  ffi  51 
36/44ffi 82 
30/33  ffi 91 
35/49=  71 
27/47  ffi $7 
38/43  ffi 88 
32/40= 80 
diet was not the only factor involved in the susceptibility of mice to the influ- 
enza virus. On further study of the data it appeared that the mice most suscep- 
tible to the virus were those that had the least subcutaneous fat. This coincided 
with the results we had previously found in rabbits  (2). It was thought likely, 
therefore,  that the differences in susceptibility were the result of variations in 
the type of nutritional reserves in use at the time of infection. 
Tke Effect  of Malnutrition on the Susceptibility  of Mice  to Influenza  Virus 
with Consideration  of Nutritional Reserves.---On  the basis of the above experi- 
ments  we  decided  to  design  experiments  that  would  cause  depletion  in  the 
nutritional  reserves  of the  mouse.  This  could  best  be  done by studying  the 
susceptibility of the mice to infection with influenza virus after varying periods 
of dietary depletion. In order to do this, adult mice weighing between 25 to 30 
gin. were placed on the experimental diet for varying periods of time, and then 
inoculated with influenza virus. 
In the first of these experiments 4 time periods were studied, approximately S0 mice being 
placed on the experimental diet for 2, 4, 6, and 8 weeks, with similar paired groups being kept 
on the control diet. In Table IV in column 2 is the per cent dying on the experimental diet, 
and in column 3 the per cent dying on the control diet. DOUGLAS H.  SPRUNT AND CLYDE C.  ]~LANIGAN  695 
These results shown graphically in Fig. 1, demonstrate that the experimental 
mice are first more susceptible to infection, become less susceptible, and termi- 
nally more susceptible again. The significance of the differences found in these 
15 
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WEEKS  ON  DIET 
FIo.  1.  Mouse  Experiment  1.  Relative  susceptibility  curve,  variation  of experimental 
from control  animals in each time group. 
TABLE V 
(Mouse Experiment 1) Results of Statistical Comparison (P Values) of the Mortality Rates of the 
Experimental  Groups with  Those of Their  Control Groups, and  a  Comparison between 
2  wks. 
4  ~c 
6  cc 
8  cc 
Ex ~im~td  ~oups 
2w~.  4wks.  6w~.  8w~. 
0.2* 
0.005 
0.02 
0.7 
0.005 
0.7 
0.7 
0.05 
0.02 
0.7 
O.S 
0.1 
0.7 
0.0S 
0.1 
0.2 
, significant at 1 per cent level.  , significant at 5 per cent level. 
* In this table comparison of a time group against itself is expressed as the experimental 
group versus its paired control group. 
results is shown in Table V. Here we see that the experimental mice at 2 weeks, 
although  not  differing  significantly  from  the  control  group,  differed  greatly 
from the 4 week experimental animals. The experimental mice at 4 weeks were 
less susceptible  to infection and remained  so at 6  weeks.  Thus,  there was no 
significant difference between  these 2 periods of time. After 8  weeks the mice again became more susceptible to virus infection, and from Table V we see the 
difference between the 8 week experimental mice and the 4 week experimental 
mice is highly significant. 
The  second  experiment  was  essentially  a  repetition  of  the  one  described 
above. The per cent mortality figures for this experiment are shown in Table 
VI, and the results of their analysis (P Values) in Table VII. The graphic illus- 
TABLE VI 
(Mouse Experiment  2) Comparison of Mortality  Rates of the 10 Per Cent Experiment  Groups 
with Control Groups with Respect to Different Periods of Diet Administration 
Time on diet  Dead, experimental  Dead, control 
~ks. 
2 
4 
6 
8 
2 wks. 
4  " 
6  " 
8  " 
ctttt 
39/47 =  83 
42/76 =  55 
65/86 =  78 
63/70 =  90 
~Sf 
~nt 
35/49=  71 
58/94=  62 
72/83 =  87 
65/86 =  76 
TABLE VII 
(Mouse Experiment 2) R,  sults of Statistical Comparison (P Values) of the Mortality Rates of the 
Experimental  Groups with  Those of Their  Control Groups, and  a  Comparison Between 
Ex ,erimental Groups 
2w]~.  4 wks. 
0.2* 
0.02 
0.02 
0.9 
0.02 
0.5 
0.975 
0.005 
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6  wks.  8  wks. 
0.02  0.9 
0.975  0.005 
0.3  0.005 
0.005  0.05 
, significant at  per cent level. 
, significant at 5 per cent level. 
* In this table comparison of a time group against itself is expressed as the experimental 
group versus its paired control group. 
tration of these results, Fig. 2, indicates the initial rise in susceptibility in the 
low protein group. Here, as in the previous experiment, the 2 week experimen- 
tal group did not present results  that differed significantly from the  2  week 
controls. If the 2 week experimental results are compared to the 4 and 6 week 
experimental results, however, the differences are significant. The 4 and 6 week 
experimental results demonstrate the phase of decreased susceptibility.  Both 
the 4 and the 6 week periods present highly significant differences when com- 
pared with the 8 week period, a period in which the susceptibility of the experi- 
mental animals again rises above control levels. 
As seen in both of these experiments, mice in increasingly severe stages of DOUGLAS H.  SPRUNT AND  CLYDE  C.  ~'LANIGAN  697 
protein depletion became more  susceptible  to  influenza infection than  their 
pair fed controls. Animals autopsied during this period were observed to still 
have subcutaneous fat. Later these experimental animals became less suscep- 
tible, at which time they appeared free from subcutaneous fat. Terminally they 
again became more susceptible than their controls. 
The Effect  of Malnutrition on the Susceptibility  of Chickens to Infection with 
Rous Sarcoma  with Consideration  of Nutritional Reserves. In order to further 
verify the above results, we decided to repeat these experiments with another 
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FIG. 2. Mouse Experiment 2. Relative susceptibility curve, variation of experimental from 
control animals in each time group. 
virus and with another host. For this purpose the Rous sarcoma virus and the 
chicken were chosen. 
Three such experiments were done, 2 with diet administration for 3, 6, and 9 weeks before 
virus inoculation, and  t  with diet administration for 7, 9, and  11 weeks. 
The first of these experiments involved the administration of a  t5 per cent protein diet 
for periods of 3, 6, and 9 weeks before inoculation of Rous sarcoma. The data are presented in 
Table VIII, statistical results in Table IX, and graphic illustration in Fig. 3. 
This experiment demonstrated a decrease in susceptibility of the experimental 
animals in the 3 and 6 week periods, and an increase above the control value in 
the 9 week period. As seen in Table IX, the susceptibility values of the 3 and 6 
week groups do not differ significantly from their controls, but when these 2 
values are compared with the susceptibility increase seen in the 9 week group, 
both P  values are significant to the 5 per cent level. 698  MALNUTRITION  AND  SUSCEPTIBILITY  TO VIRAL /.N-FECTION 
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FIO. 3.  Chicken Experiment 1.  Relative susceptibility curve, variation of experimental 
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TABLE VIII 
(Chicken Experiment 1) Results of Tumor Production in tl~ Two Diet and Three Time Groups 
Time on diet 
tvks. 
3 
6 
9 
Control 
cent 
48/66"  --- 73 
36/51  -- 71 
37/48  --  77 
15 per cent protein 
Cenl 
44/72  =  61 
29/52  =  56 
37/44=  84 
* Numerator, tumors produced. Denominator, wings inoculated. 
TABLE IX 
(Chicken Experiment 1) Results of Statistical Comparison (1> Values) of Tumor Devdopment in 
Experimental Groups and Tlmir Control Groups, and a Comparison between  Experimental 
Groups 
15 per cent, 3 wks. 
15 per cent, 6 wks. 
15 per cent, 9 wks. 
15 per cent, 3 wks. 
0.2* 
0.75 
0.05 
15 per cent, 6 wks. 
0.75 
0.2 
0.025 
15 per cent, 9 wks. 
0.05 
0.025 
0.5 
, significant at 5 per cent level. 
* In this table comparison of a  time-diet group against itself is expressed as the experi- 
mental group versus its paired control group. DOUGLAS H.  SPRUNT AND  CLYDE C.  I~LANIGAN  699 
In the second experiment  12.5 per cent and 15 per cent protein diets were given for 3, 6, 
and 9 week periods. Experimental results are presented in Table X, and probability values 
in  Table  XI. 
As seen in Fig. 4, the 12.5 per cent protein groups showed a  susceptibility in- 
crease in the 3 week period. This increase continued to a high point in the 6week 
TABLE X 
(Chicken Eyperiment 2)  Results of Tumor Production in tke Three Diet and Time Groups 
Time on diet 
3 
6 
9 
Control 
52/62*  =  84 
69/84  =  82 
58/84  =  69 
15 per cent protein 
~ef 
58/64 =  91 
48/64 =  75 
38/44 =  86 
12.5 per cent protein 
cent 
65/74 =  88 
64/68 -  94 
60/78=  77 
* Numerator, tumors produced. Denominator, wings inoculated. 
TABLE XI 
(Chicken Experiment 2) Results of Statistical Comparison (P Values) of Tumor Dcvdopment in 
Experimental  Groups and Their Contrd Groups, and a Comparison between Experimental 
Groups 
12.5 per cent, 3 wks. 
15 per cent, 3 wks. 
12.5 per cent, 6 wks. 
15 per cent, 6 wks. 
12.5 per cent, 9 wks. 
15 per cent, 9 wks. 
3 wks. 
0.7* 
0.7 
0.2 
0.1 
0.5 
0.02 
3 wks. 
0.7 
0.3 
0.5 
0.05 
0.9 
0.1 
, significant at 5 per cent level. 
--,  significant at 1 per cent level. 
6 wks. 
0.2 
0.5 
0.05 
0.02- 
0.5 
0.25 
6 wks. 
0.1 
0.05 
0.25 
0.02 
9 wits. 
0.5 
0.9 
0.5 
0.02 
0.3 
0.1 
9 wke. 
0.02 
0.1 
0.25 
0.001 
o~i  - 
0.05 
* In this table comparison  of s  time-diet group against itself is expressed as the experi- 
mental group versus its paired control group. 
period, and fell toward control levels in  the  9  week period. Although  the in- 
creased susceptibility values  exhibited by  the  3  and  9  week groups  are not 
significantly different from their control levels, the high point in this curve at 
the 6  week period differs significantly from both  its control and  the 3  week 
experimental group. Referring again to Fig. 4,  it can be seen that the  15  per 
cent protein groups exhibited a susceptibility increase in the 3 week period, and 
a decrease in the 6 week period. Although these values do not differ appreciably 
from their controls, they differ significantly from one another. The final suscep- 700  MALNUTRITION"  AND  SUSCEPTIBILITY TO  VIRAL IN]?ECTION" 
tibility increase seen in the 9 week group shows a significant difference from both 
its control and the 6 week experimental group. 
The third experiment consisted of administering the same 12.5 per cent and 15 per cent 
protein diets for periods of 7, 9, and 11 weeks. The results of this experiment are found in 
Tables XII and XHI, and their graphic representations in Fig. 5. 
P 
E 
R 
O 
E 
N 
T 
20 
5 
S 
U  I0 
S 
C 
E 
P 
T 
I 
B 
I  5 
L 
I  I0 
T 
¥ 
5 
0 
f 
---,,--- IP'.5  % 
15% 
I  !  ,,  I 
3  6  9 
WEEKS  ON  DIET 
FIG. 4.  Chicken  Experiment 2. Relative susceptibility curve, variation of experimental 
from control animals in each time group. 
TABLE XH 
(Chicken Experiment  3) Results of Tumor Production in th~ Three Diet and Time Groups 
Time on diet 
wk$. 
7 
9 
11 
Control 
36/62*  ~  58 
29/56  ~  52 
18/50  ~  36 
15 per cent protein 
ce~4 
37/76 =  49 
25146 =  54 
38172 =  52 
12.5 ~rc~tprotein 
43/7O =  61 
21/52 =40 
32/64=  50 
* Numerator, tumors produced. Denominator, wings inoculated. 
As seen in this graph, the 12.5 per cent protein diet produced a  slightly in- 
creased susceptibility in the 7 week group, a drop below the control level in the 
9  week group, and an increase above the controls in the  11  week group. Al- 
though the increase in the 3 week period is not significant, the decrease seen in 
the 9 week period differs significantly from the experimental values seen in both 
the 3 and the 11 week periods. The animals on the 15 per cent diet exhibited a DOUGLAS H.  SPRUNT  AND  CLYDE C.  ~'LANIGAN  701 
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TABLE XM 
(Chicken F_~periment 3) Results of S~istical Comparison (P Value.s) of Tumor D~dopm~nt in 
Experimental Groups and Their Control Croups, and a Comparison be~e~n Ezp~imental 
Grou ~s 
12.5 per cent, 7 wks. 
15 per cent, 7 wks. 
12.5 per cent,  9 wks. 
15 per cent,  9 wks. 
12.5 per cent, 11 wks. 
15 per cent, 11 wks. 
12.5  per 
cent,  7  wkl. 
0.7* 
0.2 
0.1 
0.9 
0.02 
0.02 
15 per cent, 
7  wks. 
0.2 
0.3 
0.75 
0.25 
0.001 
0.001 
12.5  per 
cent,  9  wks. 
0.1 
0.75 
0.25 
0.2 
0.001 
r 
0.001 
15  per cent, 
9 wkt 
0.9 
0.25 
0.2 
0.8 
0.025 
0.025 
12.5  per 
cent,  11  wks. 
0.02 
0.001 
0.001 
O.o2s 
0.2 
1.o 
15  per  ceat 
II  wks. 
0.02 
0.001 
0.001 
0.025 
1.0 
0.1 
,  significant  at 5 per cent level. 
--,  significant  at 1 per cent level. 
* In this table  comparison of a time-diet group against itself  is expressed as the experi- 
mental group versus  its  paired control group. 
slight decrease in susceptibility in the 7 week period. A subsequent increase in 
susceptibility continues through the 9 week period and attains the high level of 
susceptibility increase in the 11 week period. This high point differs significantly 
from both the 7 and the 9 week experimental values. 702  MALNUTRITION  AND  SUSCEPTIBILITY  TO  VIRAL  INFECTION 
As seen from these 3 experiments, we failed to adequately demonstrate the 
initial rise in viral susceptibility, but the period of increased resistance followed 
by increased susceptibility is apparent. We have thus demonstrated this cyclic 
effect of malnutrition in the 2 host-virus systems. 
DISCUSSION 
The general consensus assodates proper diet with resistance, and improper 
diet with susceptibility to infection. In many cases this is true. Many instances 
of mass starvation have been directly associated with vastly increased mortality 
from infection. Malnourishment, in and of itself, is not usually the direct cause 
of death with the cog~ de gr&e being delivered by some terminal infection, that 
may or may not have been of significance in a well-nourished individual. This 
could be an example of increased susceptibility per se, or more likely, a combina- 
tion of this and the increased virulence of the pathogens stimulated by frequent 
passage  in  susceptible  individuals,  thus  spreading  to  epidemic proportions. 
When we confine ourselves to virus infections, the picture becomes somewhat 
more complicated. As we have  cited, observers  as early as  Underwood and 
J'enner noted that some infections seemed to be assodated most often with well 
nourished individuals. This was borne out through experimental proof by one of 
us in 1942 (2), and by many others since that time. Early reports indicated only 
a simple reversal in the effect of malnutrition on virus infections, as compared 
to the bacterial or rickettsial infections. 
It can be seen from the above experiments that the effect of host diet on 
susceptibility to virus infections is not as uncomplicated as was once supposed. 
A single, deficient diet, constantly administered, has been demonstrated to pro- 
duce a cyclic susceptibility change. This cycle is composed of a primary suscep- 
tibility increase, a  secondary resistance increase, and lastly, another suscepti- 
tibility increase. This general trend is indicated in the curve in Fig.  6.  The 
hypothesis that follows is founded upon these certain conditions. 
From observation at  the autopsy of these animals and other preliminary 
studies, we propose that the first phase of increased susceptibility is the result 
of the animal's consuming his own fat and carbohydrate reserves.  In  those 
experiments in which the mice had an increased susceptibility for the longest 
period of time, they showed the greatest amount of fat reserves on visual ob- 
servation at autopsy. 
The second phase of the curve represents a  period of increased resistance, 
which we believe is the metabolic result of a relatively high percentage of pro- 
tein body reserves. When host carbohydrate and fat reserves are nearly de- 
pleted, the animal begins to utilize more available protein, and thus is on a 
"high protein diet" for a limited period of time. The work of Cannon (36) has 
shown that a  high protein diet increases resistance to infection. 
The final stage of increased susceptibility correlates well with the association DOUGLAS  H.  SPRUNT  AND  CLYDE  C.  FLANIGAN  703 
of starvation and pestilence.  The experimental phase of decreased resistance will 
probably correspond to the utilization of basic tissue protein in the last stages 
of starvation. Starvation, as a major cause of death in these experiments, was 
ruled out by the inclusion  of uninoculated low protein groups. 
We are now engaged by chemical methods in an analysis of the amount of fat, 
carbohydrate, and protein present in the total carcass weight of mice after vary- 
ing periods of diet administration in order to correlate these results with suscep- 
tibility to infection.  Though data as yet are insuf~dent to report, the trend from 
preliminary analyses supports our hypothesis. 
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F~G. 6. Theoretical curve of relative susceptibility to virus infection with respect to dura- 
tion of host dietary protein depletion. 
SUMMARy  AND  CONCLUSIONS 
The effect of progressive long term dietary protein depletion on viral suscep- 
tibility was investigated in 2 host-virus systems: (1) swine influenza in the male 
CF1 mouse, and  (2)Rous sarcoma virus in the New Hampshire red chicken. 
Data are presented demonstrating a relationship between host protein nutrition 
and susceptibility to virus infection.  This relationship is shown to be cyclic in 
character, involving phases of increased and decreased viral susceptibility. The 
relative resistance of the host on low protein intake is a function of the duration 
on incomplete diet administration  before virus inoculation, and consequently 
a function of the host's state of depletion. As illustrated in Fig. 6, the cyclic 
susceptibility change demonstrated by these animals on low protein diet was 
characterized by an initial phase of increased susceptibility, a secondary phase 704  MALNUTRITION  AND  SUSCEPTIBILITY  TO  VIRAL  INFECTION 
of increased resistance, and a final phase of increased susceptibility. It is pro- 
posed that these alterations in relative viral susceptibility result from metabolic 
changes occurring within the host during the process of dietary protein depletion. 
The resistance changes are roughly correlated to periods of depot fat utilization 
(increased susceptibility), reserve protein utilization (decreased susceptibility), 
and tissue breakdown  subsequent to protein  starvation  (increased  suscepti- 
bility). 
•  Many  previously published concepts of the interplay of viral susceptibility 
and host nutrition maintained that host malnourishment led to increased host 
resistance.  The cyclic  change in resistance,  reported herein,  is  given as evidence 
that the effect of host deficiency cannot be explained simply on the basis of an 
inhibition of virus growth due to retarded cellular metabolism in the host. Pro- 
tein deficiency is shown not to produce an "all-or-none" effect, but a series of 
reproducible phases of increased and decreased resistance. 
From the aforementioned results it is proposed that the phases of viral suscep- 
tibility seen in the protein-deficient host are  demonstrative of the dynamic 
interrelationship between the physiologic state and the resistance of the host. 
Dietarylnfluences in the normal host, by producing similar metabolic changes, 
could have analogous implications on innate resistance. It is believed that the 
foregoing leads to a more clear and dynamic concept of viral resistance in the 
normal individual. 
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